From the time of recognition of the St. Louis ecephalitis virus in 1933 until 1940, great progress was made in the study of the virus in the laboratory and in the study of clinical and pathological manifestations in man. However, during this period there was no agreement among epidemiologists regarding the mode of transmission. The only experimental evidence supporting mosquito transmission was the infection of mice by laboratory-infected Culex pipiens, vat. pallens Coq. (1), reported in 1937 by Japanese workers. But this was neither confirmed, nor generally accepted within the next few years in the United States. One of the arguments advanced against the likelihood of mosquito transmission was the inability or great difficulty of demonstrating the virus in the blood of man and most other animals. Few laboratory animals had been shown susceptible to obvious infection by even direct intracerebral inoculation and only very young mice were susceptible by any route whereby mosquitoes could effect inoculation. Mice, indeed, were much more readily infected by the intranasal route than by the intravenous or the subcutaneous. Early epidemiological concepts were, therefore, very different from those advanced for the equine encephalomye]itides.
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From the time of recognition of the St. Louis ecephalitis virus in 1933 until 1940, great progress was made in the study of the virus in the laboratory and in the study of clinical and pathological manifestations in man. However, during this period there was no agreement among epidemiologists regarding the mode of transmission. The only experimental evidence supporting mosquito transmission was the infection of mice by laboratory-infected Culex pipiens, vat. pallens Coq. (1) , reported in 1937 by Japanese workers. But this was neither confirmed, nor generally accepted within the next few years in the United States. One of the arguments advanced against the likelihood of mosquito transmission was the inability or great difficulty of demonstrating the virus in the blood of man and most other animals. Few laboratory animals had been shown susceptible to obvious infection by even direct intracerebral inoculation and only very young mice were susceptible by any route whereby mosquitoes could effect inoculation. Mice, indeed, were much more readily infected by the intranasal route than by the intravenous or the subcutaneous. Early epidemiological concepts were, therefore, very different from those advanced for the equine encephalomye]itides.
In 1940 it was demonstrated for the first time that neutralizing antibodies develop in the serum of horses in endemic areas (2) , and this was soon confirmed (3, 4) . In 1941 "we began an intensive investigation to find if possible, the mosquito vectors and the natural animal reservoirs. A large scale neutralization test survey was made of sera from animals living in an endeimc area (the Yakima Valley, Washington) to determine immunity rates (5) , and field-collected mosquitoes were tested for virus (6, 7) . Even prior to this survey laboratory studies were begun in a search for a satisfactory animal which might serve as a source of mosquito infection.
Since the virus had never been found in the blood of man, it seemed probable that another animal was involved in the cycle. None was known on the basis of recognized epizootics, so at the time these studies were begun, there was no indication which species should be tested. The problem was to find an animal which would have a reasonably high titer of virus circulating in the blood, available for a vector, following a small peripheral inoculation such as might be injected by an infected arthropod.
Prior to our experiments Webster and Clow (8) had reported the presence of virus in the blood of mice inoculated by a peripheral route, and during the period of time covered by the experiments reported below, Howitt (9) recorded the isolation of virus from the blood of monkeys. The isolation from monkeys was effected following subcutaneous inoculation of a 10 per cent mouse brain suspension. Howitt (10) also reported finding the virus in the blood of a chicken following inoculation but no details regarding the conditions of the experiment were given. Our laboratory experiments on the detection of virus in the blood of various animals are presented below in chronological order, together with the reasons for the selection of species, and variations in technic.
MA, M~ALIAN STUDIES

Methods and Materials
In the first experiments with mammals the Webster strain of St. Louis virus, obtained from Howitt, was used. Later, after isolating a strain of St. Louis virus from mosquitoes (11) , this strain (F-103) was used before it became well adapted to mouse brain passage. All inoculations were made with frozen beef broth suspensions of mouse brain which had been stored in carbon dioxide ice. All mice used were of the Webster Swiss strain. To detect the presence of viremia, cardiac punctures were performed, the serum was separated from the clot after standing a few hours at 5°C; then inoculated intraeerebrally into mice. In most instances the first mouse to show signs of infection was sacrificed and a suspension of its brain was inoculated into other mice. If these came down with signs typical of St. Louis encephalitis from 4 to 8 days after inoculation, St. Louis virus was considered to have been present in the original serum. When spleens, brains, or other tissues were tested for the presence of a virus a 10 per cent suspension was made in broth by grinding with alundum. The supernatant obtained after low speed centrifugation was employed for mouse inoculation. For these organs, the same criteria as described for serum were adopted for the demonstration of the presence of virus. Neutralization tests on sera were performed by the method of Hammon and Izumi (12) .
Readily available laboratory mammals were first tried. Later, attention was centered on fowl, because antibodies were found in a high proportion of avian sera collected in the field studies (5), and Culex tarsalis Coq., a mosquito feeding principally on birds (13) was repeatedly found carrying the virus in nature (6) . Furthermore, only one isolation has been made from those mosquitoes (Aedes) which feed almost exclusively on mammals (13) .
Experimental
Experiraent/.--Using the Webster strain of virus 2 cats were inoculated intracerebrally with 0.2 cc. of a 10 per cent mouse brain suspension. Each animal was bled daily for 10 days. The cats showed no increase of temperature or other sign of infection and at no time was virus isolated from the blood. The animals had no serum antibodies to the St. Louis virus before inoculation and only a very questionable protection could be demonstrated 10 to 30 days later.
Experimen~ 2.--A guinea pig inoculated subcutaneously with 0.1 ce. of virus suspension at the same time as the above cats, had an elevation of temperature above 40°C. from the 3rd to the 8th day. Virus was isolated from the blood 24 and 72 hours after inoculation. dilution of virus. Each guinea pig was bled every other day. Three were bled first on the day after inoculation, and 4 bled first on the 2nd day. One was sacrificed daily and separate suspensions of brain, lungs, spleen, and kidneys were tested for virus. No virus was isolated at any time.
In the experiment reported by Hammon, Carle, and Izumi in 1942 (14) the presence of a small amount of virus was demonstrated in the undiluted defibrinated blood of 2 homes, 26 and 48 hours after subcutaneous or intracerebral inoculation of a 1 or a 5 per cent suspension, respectively of strain F-103 virus, isolated from mosquitoes. However, Cox, Philip, and Kilpatrick (15), and Shahan and associates (16) failed to demonstrate viremia in a larger series of homes inoculated intracerebrally with brain-fixed strains of virus, but did demonstrate the development of obvious signs of encephalitis.
Of the 3 species of mammals thus far tested cats yielded no virus, one guinea pig out of seven was found with viremia, and both of two horses which were adequately tested had viremia. All had been inoculated with larger amounts of virus than a mosquito might be expected to inject. It is apparent, therefore, that those mammals which have been tested so far would probably not serve in nature as very adequate sources of virus for the infection of biting arthropods. AVIAN 
STUDIES
As mentioned above, tests on birds were begun because they were brought under suspicion by epidemiological observations.
Methods and Materials
Throughout these experiments with birds the Fo103 virus (11) derived from mosquitoes was used. Technics were essentially the same as those used with mammals. The virus suspensions employed, however, had been frozen in ampoules as 10 per cent mouse brain suspensions in 50 per cent rabbit serum broth. The mouse LD60 of this material was determined by the Reed-Muench method by titrations made on two separate ampoules. The chickens were incubator-hatched, screened from mosquitoes, and used at 1 to 3 months of age.
The ducks and doves had been raised in a coastal area near San Francisco where evidence indicated that encephalitis of the St. Louis type was not present. Chickens, doves, and ducks were all inoculated with 0.2 cc. of virus suspension subcutaneonsly. Bleedings were by cardiac puncture in the chickens, by wing vein in the doves and ducks. In several experiments in which serial titrations were made to determine the titer of virus obtained from serum or spleen, titrations were performed at a later date on some of the original suspension that had been held frozen on carbon dioxide ice. In only the first four experiments (Experiments 5, 6, 7, and 8 were passages made from mice dying from inoculation of fowl serum or organs, in order to establish the identity of the agent responsible for killing the mice. In later experiments when more than one mouse out of 4 or 5 inoculated died, between 4 and 15 days after inoculation, it was assumed that the virus caused these deaths.
Experimental
Experiment 5.--The first experiment on birds was in the nature of a preliminary trial of the possibility of using chickens for mosquito transmission tests. One chicken was inoculated Experiment &--Soon after Experiment 5 Culex pipiens Linn., were available for test of their ability to transmit the St. Louis virus, but at that time no chickens were on hand. Since doves were available, they were employed without preliminary tests in a manner similar to that planned for chickens. Twenty-four hours after the bite of experimentally infected mosquitoes, virus was successfully isolated from the serum of one dove (17) . Two other doves which were shown to have been infected, by serological tests at a later date, gave negative tests for virus at 24 and 48 hours.
Experiment. 7--Before there was time for detailed laboratory studies with chickens, an opportunity presented itself in our Texas field laboratory to conduct transmission experiments on these fowls with Culex tarsalis and several other mosquitoes not previously tested (18) (19) (20) .
On the basis of the results of the one previous experiment with a chicken, each fowl used for feeding infected mosquitoes was bled 24 and 48 hours later. Virus was isolated repeatedly from the serum at either or both of these bleedings. If isolated at 24 hours it was always isolated at 48 hours. However, the reverse relationship did not always hold true. Since 1942 a total of 33 chickens have been infected by mosquito bite, and mosquitoes have been infected 4 times by feeding on inoculated chickens. Mosquitoes infected by feeding on inoculated chickens have transmitted the infection to other chickens on 7 different occasions. Table I . It will be noted that virus appeared in the serum as early as 19 hours following subcutaneous inoculation, and in some instances persisted till at least the 65th hour. Only at 43 and 51 hours, however, was it demonstrated that all chickens tested had virus in the serum.
At 43, 65, and 89 hours chickens were sacrificed, and the spleens tested for virus. Virus was not isolated from 1 spleen tested at 43 hours but was isolated from the blood of the same chicken. At 65 hours virus was isolated from the spleen and the blood of 1 chicken, but from neither organ of 2 others tested. Virus was isolated from 1 spleen out of 3 tested at 89 hours. Table II are presented the results of a later experiment with ducks and chickens. Six young ducks and 5 young chickens were each inoculated by the subcutaneous route with 0.2 cc. of a 10 -4 dilution of virus (approximately 100 LD~0). Serum was tested at 16, 40, and 48 hours. Two tenfold serial dilutions of the sera were made in infusion broth. The last of these (10 -2) was tested in mice immediately and the undiluted serum and the first dilution frozen and stored in dry ice till tested some months later. It will be noted that virus was detected only occasionally and in a minimal amount at 16 hours in serum from either species of fowl At 48 hours in the chickens, virus was found only twice and not at all at 40 hours, but some ampoules of serum and the 10-1 dilution from the 40 hour bleeding were lost. The chickens were in a very poor state of nutrition when used, possibly accounting for the poor response. In the ducks, however, virus was detected in several instances at both 40 and 48 hours in the 10 -1 and 10-~ dilutions of serum.
TABLE I I I ~F~per~m~//.---Virus isolations from the organs of 6 chickens inoculated subcutaneously with 0.2 cc. of a 100 LD~0 mouse dilution of St. Louis F-103 virus.
Hours following inoculation when sample was taken, and dilutions tested 
Serum.
Brain., Brain..
Spleen.
Hours following inoculation when serum or organ sample was taken, and dilutions tested --On the basis of these data it appeared that ducks would probably be preferable to chickens for our experiments. However, when this information became available we were doing experimental transmission studies in the Yaklma Valley, Washingtonl field laboratory and incubator ducks were not readily available. Only one was used. Laboratoryreared Culex tarsalis were successfully infected on this duck 48 hours after subcutaneous inoculation with virus. These same mosquitoes in subsequent feedings infected 3 chickens (20) .
.Experiment//.--This experiment was performed to determine in greater detail the length of time during which virus may persist in the serum and certain organs of chickens inoculated subcutaneously. Six chickens were inoculated with 0.2 cc. of a 100 LD60 mouse dilution of virus. Bleedings were begun after 24 hours and continued every 12 hours up to 120 hours. Two chickens were bled at each period. Each serum was tested by intracerebrai inoculation of 5 mice (Table III) . When more than half the mice succumbed a frozen portion of the serum was titrated in tenfold dilutions. A 10 -t titer was the highest found. As already stated, death of a single mouse in a group of 5 was not accepted as proof of the presence of virus. Virus was isolated from at least 1 chicken at each bleeding up to and including that of 96 hours, but from none thereafter. At 48 hours isolations were made from the serum of both birds tested. Virus was not detected in either of the 2 spleens at 96 hours' incubation, but was found at 108 hours in 2 out of 4 spleens. Virus was not demonstrable in the serum at the same time as in the spleen in either of 2 birds that harbored virus in the spleen. Virus was not found in any brain.
Experimenl 12.
--In Experiment 12 (Table IV) 6 chickens were inoculated subcutaneously with a more dilute virus suspension than that employed in Experiment 11, 0.2 cc. of an LD~0 mouse dilution. Virus was isolated from at least 1 chicken in the bleeding at 24, 36, 60, 72, 96, and 120 hours, and from both birds bled at 36 and 60 hours. At 60 hours in chicken G, the virus attained a fiter of 10 -~. Virus was detected in the serum, brain, and spleen of 1 chicken at 96 hours' incubation. It is quite likely that the virus in the brain at least was contained in the blood since the serum fiter was 10 -I. At 108 and 120 hours' incubation, virus was not definitely detected in any of the brains or spleens tested. One mouse died in one group of 5 inoculated with a 108 hour chicken brain and in one group of each inoculated with 108 and 120 hour spleens. But as has been repeatedly said, 1 death among 5 inoculated mice was not considered proof of the presence of the virus.
DISCUSSION
The last experiments (those on fowl) afford adequate proof of the extremely high susceptibility of chickens to infection with the virus. The susceptibility is quite comparable with that demonstrated for the Western equine virus (21). When 0.2 cc. of an L D~ intracerebral mouse dilution of virus was inoculated subcutaneously, it produced infection in 5 of 6 chickens. I n other words, a dilution of virus which killed 50 per cent of the mice when inoculated intracerebrally in a 0.03 cc. dose, infected 5 of 6 chickens when inoculated subcutaneously in a 0.2 cc. a m o u n t (actually 6.6 LDh0 mouse doses). I n Experiments 9, 10, and 11 it was shown that the virus had multiplied to such an extent in the chickens that the sera frequently contained sufficient virus to permit its demonstration in tenfold and occasionally in 100-fold dilution. These titers, however, were not as high as those attained in similar experiments with the Western equine virus (21) . I n other experiments mosquitoes became infected by feeding on inoculated chickens and in one experiment on a duck.
The experiments were not extended over a sufficiently long period to determine the full duration of viremia in the birds. The virus is, at times, present till the 5th day, possibly still longer. This is in contrast to the 2 to 3 day limit for the Western equine virus (21) .
When all our mosquito transmission experiments were summarized (20) it was noted that in 3 instances chickens infected by mosquito bite, which de-veloped a viremia, had failed to develop antibodies which could be detected by the test used (12) . This differed from the findings in most chickens, though bleedings were made at the usual 14 day interval. It was not determined, however, if virus was still present in the blood of these 3 chickens when the antibody test was made. It thus appears possible that an occasional bird may have a persistent viremia and no immediate antibody response.
These data afford ample proof that birds, in particular chickens, may serve as important sources for mosquito infection. A complete discussion of this is presented in the accompanying paper on Western equine virus (21) and applies equally well to St. Louis virus. The possible r61e of other chicken ectoparasites such as ticks and mites also parallels that discussed for the Western equine virus (21) . We have been unable to confirm the findings of Smith and associates with Dermanyssus gallinae (22) , and, as reported for the equine virus, have been unable to demonstrate transmission in the laboratory. These tests will be described in detail elsewhere. CONCLUSIONS 
1.
Of three species of mammals tested by peripheral inoculation (guinea pig, cat, and horse) none showed viremia under conditions which suggested that any of these species would serve as a frequent source of mosquito infection.
2. Of the birds tested (chicken, duck, and dove) all developed viremia and might readily serve as natural sources of mosquito infection. Chickens were shown to be very highly susceptible to infection by minute amounts of virus inoculated subcutaneously.
3. Virus may appear in the blood of chickens within 16 hours after inoculation and it has persisted till at least the 120th hour. No fowl showed any sign of illness as a result of the infection.
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